INTRODUCTION {#sec1-1}
============

Non-Hodgkin\'s lymphoma (NHL) and work in agriculture are closely related. Associations of NHL in farmers with agricultural exposure, including animals\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] and pesticides,\[[@ref7][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\] were reported all over the world. Most studies of NHL have been conducted among male farmers and farm workers. There were relatively few studies that focused only on female farmers and farm workers\[[@ref21][@ref22][@ref23][@ref24][@ref25]\] or studies that focused on both male and female farm workers.\[[@ref8][@ref9][@ref26][@ref27][@ref28]\] In Canada, incidence rates for NHL have increased modestly in males (0.8%) and have stabilized in females between 1998 and 2007. Mortality rates have declined for males (-3.8% per year) and females (-3.1% per year) since 2001 and 2000, respectively.\[[@ref29]\]

According to the census of agriculture, in Saskatchewan, approximately 45% of land is farmland and there were 78,025

(7.9% of total population) and 72,925 (7.4% of total population) farmers in Saskatchewan in 1991 and 1996, respectively.\[[@ref30]\] Agricultural census reports the percentage of people who used pesticides in the year before the census year. In 1986, 1991, and 1996, 82.7, 74.9, and 74.7% of farmers reported using herbicides, insecticides, or fungicides, respectively.\[[@ref30]\] Therefore, there was a greater chance for exposure to pesticides at work or home for farmers and their spouses. In this paper, we examined the association between NHL and farming-related activities, gender, pesticides exposure, and exposure to chemicals other than pesticides in Saskatchewan.

MATERIALS AND METHODS {#sec1-2}
=====================

Study participants included males and females from two separate case-control studies (Study I and Study II) conducted in Saskatchewan province, Canada. The Study I (named as the Cross-Canada Study of Pesticides and Health) was a matched, population-based, case-control study of men residing in six Canadian provinces (Quebec, Ontario, Manitoba, Saskatchewan, Alberta, and British Columbia) to test whether there were associations between pesticide exposure and four rare tumors: multiple myeloma, Hodgkin\'s lymphoma, NHL, and soft tissue sarcoma.\[[@ref1][@ref2]\] The Study II was another matched case-control study conducted in Saskatchewan to explore the possibility of a relationship between the incidence of certain types of cancer (soft tissue sarcoma, NHL, multiple myeloma, and brain gliomas) in women and farm residence, farm practices, and pesticide exposure.\[[@ref23]\] We combined the two case-control studies male and female NHL cases and all controls from Saskatchewan to compare incidence of NHL between males and females to accomplish the objective of this manuscript \[[Figure 1](#F1){ref-type="fig"}\].

![Flow chart of the study designs](IJOEM-17-114-g001){#F1}

Male study participants were taken from the Saskatchewan portion of the Study I. Female study participants were taken from the Study II \[[Figure 1](#F1){ref-type="fig"}\]. For males and females, case-control study design with a mailed questionnaire was used. A female case was defined as any woman over the age of 19 years with a first diagnosis of NHL \[International Classification of Diseases, version 9 (ICD-9), code 200 or 202\] registered by the Saskatchewan Cancer Agency (previously known as Saskatchewan Cancer Foundation) between November 1, 1989 and December 31, 1991. A male case was defined as any man over the age of 19 years with a first diagnosis of NHL (ICD-9 code 200 or 202) registered by the Saskatchewan Cancer Agency between September 1, 1991 and December 31, 1994. The control subjects were aged 19 years or older, were residents of Saskatchewan, and were free of NHL; they were selected at random from the health-covered population as represented by the provincial health services records. The province of Saskatchewan has provincial health insurance, which covers all members of the population with few exceptions. Health care for members of the Armed Forces and for Status Indians is a federal government responsibility. In Study I (Cross-Canada Pesticides and Health Study), control subjects were matched by age ± 2 years to be comparable with the age distribution of the entire case group (soft tissue sarcoma, Hodgkin\'s lymphoma, NHL, and multiple myeloma) within Saskatchewan. In Study II (a case-control study of female Saskatchewan residents), control subjects were matched by age ± 2 years to be comparable with the age distribution of the entire case group (soft tissue sarcoma, NHL, brain gliomas, and multiple myeloma) within Saskatchewan. All participating control subjects were used in the statistical analysis. Three control subjects per male case and five control subjects per female case were used in the statistical analysis \[[Figure 1](#F1){ref-type="fig"}\].

Both studies (Study I and II) were described to the participants as a research on pesticide exposure and health. The postal questionnaire captured the following variables: demographic data, medical history, smoking patterns, family medical history with an emphasis on cancer in first-degree relatives, detailed lifetime occupation and occupational exposure history, and pesticide use at home, in the garden, or at work. Subgroups that had lived or worked on farms were asked general questions concerning the use of gloves, masks, or protective clothing while mixing or applying pesticides, storing pesticides, and using pesticide-contaminated cloths.

Statistical analysis {#sec2-1}
--------------------

Data were entered using the Statistical Package for the Social Sciences (SPSS) data entry program.\[[@ref31]\] The data from the postal questionnaires were used for the statistical analysis. Statistical analysis followed the procedures suggested by Breslow *et al.*\[[@ref32]\] We used Statistical Analysis System (SAS)\[[@ref33]\] computer software to conduct the analyses. We conducted descriptive analyses of each variable, which included, where applicable, frequencies and mean ± standard deviation (SD) for cases and controls separately. A series of conditional logistic regression models were fitted, stratified by age groups, and adjusted for gender to determine whether potential risk factors, confounders, and interactive effects contribute significantly to the incidence of NHL. In conditional logistic regression analysis, strata were defined on cross-classifying 5-year intervals of age. Based on bivariable analysis, statistically significant variables with *P* \< 0.20 become candidates for a multivariable model. All variables that were statistically significant (*P* \< 0.05) were retained in the final multivariable model. Results are reported as odds ratios (ORs) and 95% confidence intervals (CIs) derived from conditional logistic regression analyses.

### Definition of variables {#sec3-1}

From the question "Have you ever been exposed at work to any of the following: 1) dust (cements, fiberglass, coal, whey dust, paper, coke, stone, sand, cardboard, metal), 2) coal products (pitch, asphalt, crude petroleum, tar, or tar products), 3) printing (ink, printing fluids, dyes), 4) paints (paints, dyes), 5) metals (arsenic, nickel, cadmium, zinc, mercury, chromium, iron ore, lead, aluminum), and 6) miscellaneous (asbestos, cutting oils, cleaning fluids, pelt, fur or hide preservatives, chlorine, hair permanent solution, sour gas, wood smoke, solvents, ether, hair dyes, cyanide)", exposure to chemicals other than pesticides six subgroups were derived. Therefore, the duration of the exposure is unknown. All the responses were self-reported. Each subgroup was defined as a positive response to that subgroup of specific occupational exposures.

"Exposure to pesticides" was defined as exposure to the following pesticides at work, inside the home, or in the garden: herbicides/weed killers, fertilizers, insecticides/bug killers, potato seed dust, fungicides, slimides, algicide, water treatment, seed treatment, fruit tree spray, fumigants, wood preservatives, pruning paints, and adjuvants.

"Farm-related industries" were defined as ever having worked at any of the following occupations: grain, mixed, beef, hog, chickens, sheep, small animal, market garden, orchards, dairy, and egg production.

RESULTS {#sec1-3}
=======

This study includes responses from 75 cases with NHL and 321 control subjects \[[Figure 1](#F1){ref-type="fig"}\]. The mean age ± SD of cases was 65.5 ± 11.4 years and of the controls, 62.8 ± 16.3 years. More females (*n* = 276, 69.5%) than males (*n* = 120, 30.5%) were in the two combined studies. Seventy-four percent of males had lived on a farm compared with 63% of females. There were 33% of males involved in current farming compared with 14% of females. There were no significant differences between NHL cases and controls with respect to personal medical history. Ex-smokers reported a lower risk of NHL compared with non-smokers (OR = 0.44, 95% CI: 0.23, 0.82). The risk of NHL decreased with the level of education, and the level of technical, trade, or vocational training after high school shows a significant lower risk of NHL (OR = 0.41, 95% CI: 0.19, 0.88). Results are shown in \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic characteristics of cases and controls

![](IJOEM-17-114-g002)

[Table 2](#T2){ref-type="table"} shows bivariable analysis adjusted for gender of farming and occupational history of the cases and the controls. The following occupational histories were significantly related to an increased risk of NHL: currently living on a farm (OR = 2.38, 95% CI: 1.09, 5.17), lived or worked on a farm for more than 30 years (OR = 2.43, 95% CI: 1.15, 5.11), and ever worked in farming-related industries (OR = 1.82, 95% CI: 1.06, 3.12).

###### 

Farming and occupational history for cases and controls (bivariable analysis)†

![](IJOEM-17-114-g003)

[Table 3](#T3){ref-type="table"} shows the results of multivariable conditional logistic regression models for pesticides exposure and risk of NHL stratified by age groups. Ex-smokers had a significantly lower risk of NHL (OR = 0.48, 95% CI: 0.25, 0.90). The relationship between NHL and pesticides was modified by gender. Males who were exposed to pesticides were three times more likely to report NHL (OR = 3.08, 95% CI: 1.26, 7.53).

###### 

Multivariable conditional logistic regression† for relationship between cases and controls and covariates stratified by age groups

![](IJOEM-17-114-g004)

Two subanalyses were conducted to explore the findings observed. First subanalysis of data was to explore the effect of pesticide exposure type (home versus work). The exposure to pesticides was calculated taking into account the home or garden exposure and at work exposure. One of the limitation was that we do not have enough sample size to consider the home or garden and occupationally on the farm separately in this analysis. The exposure patterns and duration of exposure were significantly different in these two occasions (home versus work). A subanalysis of our data showed that there was a significantly higher proportion (*P* \< 0.0001) of males (36.7%) exposed to pesticides at work compared with females (0.4%). There was no significant difference (*P* = 0.76) in proportion of females (36.6%) exposed to pesticides around the home or garden compared with males (35.0%). More male cases (41.4%) were exposed to pesticides at work compared with female cases (2.2%) \[[Table 4](#T4){ref-type="table"}\] (*P* \< 0.0001). There was no significant difference in proportion of female cases (41.3%) exposed at home compared with male cases (34.5%) \[[Table 4](#T4){ref-type="table"}\] (*P* = 0.55); male and female controls were equally exposed at home \[[Table 4](#T4){ref-type="table"}\] (*P* = 0.94). Overall, more cases (17.3%) were exposed to pesticides at work compared with controls (10%) (*P* = 0.07).

###### 

Pesticides exposure of cases and controls by gender and exposure type (work versus home/garden)

![](IJOEM-17-114-g005)

Second subanalysis was carried out only for individuals who had ever lived or worked on a farm, regarding occupational hygiene issues \[[Table 5](#T5){ref-type="table"}\]. There were 57 cases and 202 controls, which had ever lived or worked on a farm. There were significantly increasing risks of NHL in those who had worked with storage (OR = 2.78, 95% CI: 1.16, 6.63) and handling (OR = 2.26, 95% CI: 1.00, 5.18) of pesticide-contaminated clothing at home. Among well water drinkers on the farm, there was an increased risk of NHL among shallow well water users (OR = 2.15, 95% CI: 1.03, 4.49) compared with deep well water users \[[Table 5](#T5){ref-type="table"}\].

###### 

Pesticides exposures in farm residents (only if an individual ever lived/worked on a farm, *n*=259; bivariable analysis results)†

![](IJOEM-17-114-g006)

DISCUSSION {#sec1-4}
==========

Exposure to pesticides was strongly associated with an increased risk of NHL, especially for men. Exposure to chemicals other than pesticides was also related to an increased risk of NHL. Individuals who had ever lived or worked on a farm, who had worked with the storage and handling of pesticide-contaminated clothing in the home had a significantly increasing risk of NHL. In this study, more males had lived or worked on a farm or were currently farming than females. Within the group of participants who were farming, females faced exposure to pesticide-contaminated clothing in the home. Similar to these findings, many other studies reported association between pesticide exposure and the increased risk of NHL.

Several papers from the Agricultural Health Study (AHS), a large prospective cohort of licensed pesticides applicators and their spouses reported that non-Hodgkin\'s risk among farmers was associated with the use of the specific pesticides (insecticides: carbaryl,\[[@ref34][@ref35]\] lindane,\[[@ref35][@ref36]\] and terbufos\[[@ref37]\] and herbicides: metolachlor\[[@ref38]\] and butylate\[[@ref39]\] ). A previous analysis based on AHS data found a suggestive association between atrazine herbicide and NHL,\[[@ref40]\] whereas a recent report from AHS presented that there was little evidence for association between NHL and atrazine.\[[@ref41]\] The Cross-Canada Study of Pesticides and Health (Study I) reported that NHL risk among Canadian individuals was associated with the use of specific pesticides 2-4 dichlorophenoxyacetic acid, mecoprop, dicamba, malathion, dichlorodiphenyltrichloroethane (DDT), carbrayl, aldrin, and lindane.\[[@ref2]\] A recent French study reported that the specific pesticides organophosphate, carbamate, and triazole were associated with an increased risk of the NHL subtype follicular lymphoma.\[[@ref20]\] A recent paper from the Cross-Canada Study of Pesticides and Health (Study I) reported that the risk of NHL increased with the number of pesticides used, as well as with the use of malathion in combination with several other pesticides.\[[@ref4]\] Based on the AHS,\[[@ref42]\] it has been reported recently that the rate of death from NHL was significantly evaluated among pesticide applicators (relative standardized mortality ratio (rSMR) = 1.57, 95% CI: 1.27, 1.93) and their spouses (rSMR = 2.15, 95% CI: 1.58, 2.93), relative to all other causes of death (rSMR) during 1993 to 2007.\[[@ref42]\] A recent Swedish case-control study\[[@ref43]\] of males and females confirmed the association between exposure to pesticides (herbicides and insecticides) and risk of NHL. Similar to these reports our study reported that men exposed to pesticides were more likely to be at increased risk of incidence of NHL as compared with those men and women not exposed to pesticides.

We observed that the exposure patterns were significantly different at home/garden and at work. More male cases were exposed to pesticides at work compared with females. There was no difference in proportions of pesticides exposure at home or garden among males and females for both cases and controls.

A retrospective case-control study of women reported that a higher risk of NHL was associated with exposure to pesticides, and women who used pesticides at home had a higher chance of developing NHL than women who never used such products at home.\[[@ref25]\] Also, NHL risk was 2.1 times greater among women who had worked at least 10 years on a farm where pesticides were used compared with women who had never worked on a farm. Similar to this, our study reported that individuals who lived or worked on farms for at least 30 years faced a 2.4 times higher risk of developing NHL compared with individuals who had never lived or worked on a farm. A population-based case-control study\[[@ref44]\] reported that agricultural workers and framers had elevated risk of NHL. Also authors reported the elevated risk of NHL among those exposed to chlorophenols, herbicides, and arsenic compounds and occupational exposure to chemicals other than pesticides (asbestos, chromium, diesel fuel, organic and inorganic dust, tar and mineral oil, and contact with livestock) compared with individuals who did not have such exposures. Our results also reported that those who ever worked in farming-related industries including livestock had an increased risk of NHL. We could not report separate analysis for each exposure due to small sample size.

There was a greater risk of NHL associated with drinking water from shallow wells as compared with deep wells on the farm. The shallow wells were more prone to pesticides contamination. A study by Witmans *et al.*,\[[@ref45]\] reported that water taken from homes of NHL cases contained a significantly higher concentration of 14 chemical elements and that some of these elements may be active ingredients in pesticides that have been associated with NHL. In our study, both men and women together who were exposed to pesticides-contaminated clothing at home before washing and who had pesticides-contaminated cloths washed with the regular family wash or in the same machine had a significantly increasing risk of NHL. Engaging in field work such as applying pesticides, applying pesticides in fields close to their home, or mix or load pesticides in proximity to their drinking water wells and contaminated personal items could increase risk of exposure to pesticides among farmer\'s wives.\[[@ref46]\] Authors also reported that wearing of work boots inside the home and mixing pesticides-contaminated clothing with the family washing were up to 1.5 times more likely among the heaviest pesticides users compared with non-users. A separate analysis of our data obtained from the Study II for females confirmed that there was a 3.27 (95% CI: 1.06, 10.09) times risk of NHL among females, if pesticides-contaminated cloths stored in the home before washing indicating gender is an effect modifier. Therefore, household hygiene practices could help to reduce the pesticides exposure in women.

Our study did not confirm any association between medical history variables and NHL. Contrast to that previous research has shown a relationship between family history of malignancies and other cancer\[[@ref47]\] and rheumatoid arthritis\[[@ref48]\] and increased risk of NHL. The Cross-Canada Study of Pesticides and Health (Study I) confirmed that personal history of previous cancer and a history of cancer among first-degree relatives were significant independent predictors of an increased risk for NHL.\[[@ref2]\] Melbye *et al.*,\[[@ref49]\] reported from their case-control study that participants with a history of hay fever had a reduced risk of NHL. Similar to our study, Melbye *et al.*, reported that there was no clear link between allergy and NHL.\[[@ref49]\]

One of the major limitations of this study was the unreliable information on specific pesticides exposure for women available for analysis. For men, detailed pesticides exposure was available and results were published in McDuffie *et al.*\[[@ref2]\] Another limitation of this study was the potential recall bias and misclassification of pesticide exposure. For the women included in the study, we did not have all of the medical history variables available. Finally, this analysis was based on self-reported questionnaire data.

We have included individuals in many different occupations as well as home and garden users. This study was not only restricted to pesticides exposure but also included chemicals other than pesticides and radiation exposure.

This analysis confirmed that the men who were exposed to pesticides were at greater risk of developing NHL. To confirm the associations with women, additional studies are needed with details of the role of exposure, the dose, and the duration of exposure.
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